The aim of this study was to evaluate the topical toxicity of the Esenbeckia pumila plant extracts on workers of the Atta laevigata and Acromyrmex balzani. Five leaf fractions E. pumila were drawn viz., the hexane, ethanolic, dichloromethane, ethyl acetate and methanolic extracts, as well as the ethanolic fruit extracts. Further, the phytochemical leaf extract exploration was performed, and the secondary compounds detected were as follows: flavonoids, anthraquinones, coumarins, cardioactive heterosides and tannins. The different leaf and fruit extract fractions were first diluted in 70% ethyl alcohol, and different doses were topically applied to the A. laevigata and A. balzani workers. All the fractions extracted exhibited formicidal effects and this effect was greater to A. laevigata rather than to A. balzani. Only a small percentage of the workers succumbed within the first few hours of application of the different extracts in comparison with the workers which died only after a longer exposure time (72 h) implying a delayed effect of E. pumila extracts.
The Workers of Leaf-Cutting Ants
A. laevigata workers were drawn from 20 colonies selected from contiguous expanses of pasture, the "Cerrado" and commercial Eucalyptus sp. plantation situated in the Experimental Farm of the UEG, in Ipameri, GO, Brazil (lat. 17°43′29″S; Long. 48°9′35″W; alt. 764 m) . The A. balzani workers were also drawn from 20 colonies in the same area, but limited to only the pasture region showing the preponderance of Paspalum notatum grass, where they were easily identified. All the colonies selected were regarded as "good activity" foraging, implying the strong inflow of the foraging workers transporting the cut vegetation fragments into the interior portions of the colony, which demonstrated its integrity. Such as Araújo et al. (2008) , the size of workers for the biological assay was standardized (the larger sized individuals within the respective colonies were used). The cephalic capsule length for A. balzani was 3.0±0.677 mm and that of A. laevigata was 4.6±0.516 mm. These workers were randomly gathered from the active scouts at the colony entrances during the peak foraging times.
Topical Application of Extracts
The dosages of E. pumila leaf fractions (EPFEH, EPFED, EPFEA and EPFEM), as well as ethanolic fruit extracts of E. pumila (EPFrE) were applied topically in the notal regions of the ant workers, using 70% ethyl alcohol as solvent. Preliminary studies showed that ethyl alcohol provided the best dilution of the extracts, while only slight damaging effect was obserbed in the control treatment.
A single-dose of the extracts (i.e. 1.0 μL) were applied at the following concentrations 0.1, 0.5, 4.0, 7.0, 50.0, 100.0 and 200.0 mg mL -1 . To accomplish this, the ant workers were immobilized using gloved fingers (wearing surgical disposable gloves) and wooden tongs, taking care to prevent any type of damage to the ant worker. Similarly, for the control, the workers were treated with equal volume (1.0 μL) of 70% ethyl alcohol. The sample unit involved a glass petri dish (92 mm in diameter and 16 mm in height) supporting 10 workers from the same colony and a small cotton swab moistened every day with distilled water. Both the live and dead individuals (totally immobilized) were counted at 6, 12, 24, 48 and 72 hours after each treatment. The percentage of workers that succumbed after the different E. pumila extracts were applied was corrected in relation to the control treatment (Abbott, 1925) .
Statistical Analyses
Using the completely randomized experimental design with 10 replicates, the worker mortality was determined as a response to the dosage of the E. pumila fraction applied. The percentage of mortality of the ant workers in response to the concentrations of E. pumila fractions and the time after application (48 and 72 hours) were done using the Probit curve (Finney, 1971) , which defined the lethal doses for the populations being tested (LD 50 ). The comparison of the toxicity of the different extracts for the two cutter-ant species was done employing Kruskal-Wallis non-parametric test, at p < 0.001, and the sample ranking was compared.
Results
Characterization reactions confirmed that the E. pumila leaves contained the following secondary metabolites: flavonoids, anthraquinones, coumarins, cardiac heterosides and tannins. However, the leaf extracts showed the absence of alkaloids and saponins.
The acute toxicity of all the E. pumila leaf extract fractions tested on the A. laevigata workers was confirmed 24 hours after topical application, i.e. the worker mortality increase at increasing concentrations of leaf fractions (Table 1) . Despite showing a significant model, the dose-response curve for the EPFrE fraction presented an LD 50 value of 213.38, higher than the interval of the doses tested (0.1 to 200 mL -1 ), indicating a lower acute toxicity for this ant in comparison with the other extracts. The EPFE fraction revealed the highest acute toxicity for the A. laevigata workers, presenting a lower LD 50 and a higher coefficient of the angles of the mortality curve (0.0067).
The toxic effect of all the extracts was much clearer 72 hours after the topical application of the E. pumila leaf and fruit extracts in A. laevigata. Thus, all the extracts registered a significant drop of LD 50 and revealed a delayed formicidal influence of all the extracts, regardless of the polarity of the solvent employed for the fractionation. For A. balzani, 24 hours after the topical application, only the EPFrE and EPFEA fractions showed LD 50 value between the interval of the doses tested (0.1 to 200 mL -1 ) ( Table 1 ). In contrast, lower LD 50 was noted after 72 hours of the application, implying that the extract of the fraction EPFEA (LD 50 = 95.34), was more toxic to the A. balzani workers showing a value that was very close to that of the EPFrE fraction (LD 50 = 96.89).
The toxic effect of all the E. pumila extract fractions revealed greater toxicity only 48 hours after application on the leaf-cutting ant workers, and during the evaluation periods of 6, 12 and 24 hours, in no application was the average percentage of dead individuals higher than 50% (Figures 2 and 3) . In terms of the general worker mortality in each treatment, irrespective of the dose, 48 hours or 72 hours after applying different fractions of the E. pumila extracts no difference in toxicity was reported for the different extracts for the same ant (Kruskal-Wallis, p < 0.001) (Table 2) . However, significant differences were recorded for the EPFE, EPFEH and EPFEM treatments, which demonstrated a higher mortality rate for A. laevigata after 48 hours. The higher toxicity of the E. pumila extracts for A. laevigata when compared to that for the A. balzani workers was evident 72 hours post application of all the extracts in the workers (Kruskal-Wallis, p < 0.001). For all the fractions tested, the toxicity in A. laevigata was higher than that in A. balzani (Table 2) . 
Discussion
This study shows that the chemical compounds identified in the extracts, individually or in synergy, were responsible for the mortality of the A. laevigata and A. balzani workers. A few of the secondary compounds identified during phytochemical prospecting have been reported earlier as potential insecticidal or antifeedant activity for certain insect groups. A few specific flavonoids are known to act as antifeedant agents, for example, ermanin and rutin (Echeverri et al., 1991; Silva et al., 2016) and insect growth inhibitors (Simmonds, 2003) , most likely as they interfere with the neural mechanisms whose toxic actions are influenced by the chemical structure of each specific compound. The coumarin is known to inhibit the electron transport chair (Neal & Wu, 1994) and also compromises the detoxification capacity of insects, which reduces, for example, their tolerance to xenobiotics (Moreira et al., 2007) . The cardioactive glycosides (terpenoids) are well-recognized drugs that influence vertebrate cardiac muscles (Taiz & Zeiger, 2004 ), but they have not yet specifically been investigated in insects. The E. pumila leaves showed the presence of tannins which normally act as a protective barrier for the plant against herbivorous insects (Correa & Salgado, 2011) and anthraquinone. The latter is better known for its effectiveness as a laxative drug, besides being a plant defense against xylophagous, as verified in Tectona grandis (Leonardo, Rocha, & Mendoza, 2015) .
In A. balzani and A. laevigata, the toxic effects of E. pumila extracts were the responsible of the delayed formicidal activity, clearly highlighted 72 hours post-application. The concept behind using these plant extracts to manufacture granulated baits is that the poison will slowly cause the death of the workers according to Gouveia et al. (2010) . However, Della Lucia and Araújo (2000) reported that the workers must live long enough after coming into contact with the active principle of the venom in order to have adequate time to distribute the bait to their fellow companions within the nests, including the queen. The LD 50 variable shows a delayed effect, which was the reason for dubbing the EPFrE extract as one of the most toxic to the Atta and Acromyrmex workers (Table 1) . However, it is understood that the seeds possess greater potential to store the toxic active compounds and therefore have been investigated more extensively as pesticides (Rodrigues, 2000) . In this study the fractionation of ethanolic extract of fruits was not possible to be performed, due to the reduced amount of fruits collected. In general, did not observe a significant prominence in the toxicity of leaf or fruit extracts ( Table  2 ). The proportions of secondary metabolites in parts of the plants occur at different levels (seasonal and daily, intra and interspecific). Several factors can cause variations in the content of the secondary plant metabolites. Among them, Gobbo-Neto and Lopes (2007) quoted the harvest season, plant age, altitude and seasonality, physiological factors (e.g. affected by water stress), luminosity and nutritional status of the plant.
The lesser degree of toxicity of the insecticides and plant extracts associated with higher robustness levels of the insect body was stated by Maciel et al. (2010) with Diptera. A similar observation was made by Araújo et al. (2008) on comparing the plant extract toxicity in A. laevigata and A. subterraneus subterraneus. These authors also confirmed greater toxicity in the Acromyrmex workers, who showed smaller worker sizes. However, this fact was not confirmed in this study, as generally the extracts showed greater toxicity in A. laevigata. São João and Raga (2016) ascertained that the toxicity of a specific secondary compound will depend on the species under investigation, often revealing even antagonistic effects for different species.
Conclusion
Fractionation of the plant extracts is the primary step in identifying more formicidal compounds as effective alternatives to control the leaf-cutting ants. The present study revealed that irrespective of the degree of polarity of the solvent, the degree of toxicity to the leaf-cutting ants A. laevigata or A. balzani was not significantly different. Applying solvents having different degrees of polarity and the lack of a predominant fraction of the most toxic extract indicate the absence of a single compound as the key factor to mortality or even the low formicidal efficiency of all the possible secondary compounds present in E. pumila.
